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Abptgaet 

V7g cvaXuatod offeetc of low and high prcoDure baroroeoptoro 
on placma renin activity (iiranunoaDcay) uoing graded lower body 
Guotion (LBS) in ,oix healthy wen. LBS at -10 and -20 wmHg 
for 10 win decroaced central venowc precGure without changing 
arterial precGure and thereby preGumably reduced low but not 
high precDure baroreceptor inhibition of renin release. LBS 
et these levels produced forearm vasoconstriction, but did 
not increase renin. LBS at -40 wmHg decreased central venous 
and arterial pulse pressure and thus reduced both low and high 
pressure baroreceptor inhibition. LBS at this level produced 
forearm vasoconstriction and tachycardia and increased renin 
from 2.1 + 0,4 (mean + SE) to 7.4 + 1.4 hg * ml”^ * hr""^ 

(p < 0.05). In summary, reduction in low pressure baro- 
recaptor inhibition in humans did not increase renin in the 
presence of physiological tonic inhibition from high pressure 
baroreceptors. Increases in renin did not occur until there 
was combined reduction of high and low pressure baroreceptor 
inhibition on plasma renin activity. 

Index Terms 

Cardiopulmonary Baroreceptors 

TUrterial Baroreceptors 

Forearm Blood Flow (Plethysmography) 
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DGeroaDOC in baroiroeeptor rectraint during upright pocture 
(4,8,23) or lov;er body cuetion (11,12) incrcaDr? placma 
renin activity. Theco increaeoo in renin activity play an 
eccential role in maintenance of blood precoure during upright 
pocturo in humane during low codiura inta);e (24) , 

Several otudieo have evaluated the reflex mechanisms 
involved in renin release. Eseperiments’ in animals suggest 
that low pressure (cardiopulmonary) baroreceptors may partici- 
pate in reflex regulation of plasma renin activity (3,18,20, 
28,29,32). 

However, the role of high pressure (carotid and aortic) 
baroreceptors in reflex regulation of renin activity is unclear. 
Several investigators (7,17,29) have reported .that sinoaortic 
denervation or bilateral carotid occlusion increases renin. 

Other investigators (2,20,25) have not observed an increase 
in renin with decreases in carotid sinus pressure. 

Jarecki, Thames and Donald (18) recently demonstrated 
an interaction between cardiopulmonary and carotid baroreceptors 
in control of renin activity in dogs. These investigators 
reported that interrupting vagal afferent traffic from 
cardiopulmonary receptors increases renin \7hen carotid 
baroreceptors are denervated, but not when carotid baroreceptors 
are intact. These findings are compatible with the concept 
that low and high pressure baroreceptors may both participate 
in the reflex control of renin activity in animals. 



In fchic Dtudy wg have employed lov7or body cuotion to examine 
baroreeoptor control of placma renin activity ir. hiimanG* bov;Gr 
body cuction is considered to produce reflex circulatory 
adjustments primarily influencing low and high pressure bare- 
receptors although a contribution of other reflexes has not been 
excluded in humans. 

-• Low pressure (cardiopulmonary) baroroeeptor restraint on 
renin release was reduced with low levels {*>10 and -20 mmllg) 
of lo\i;er body cuction (18??ilL>. Lower body suction at -10 and 
-20 mniHg decreases central venous pressure without decreasing 
arterial pressure or high pressure baroroeeptor inhibitory 
input. At higher levels, of lower body suction, (-40 mniHg) bof^ 
central venous pressure and systemic arterial pulse pressure 
decrease so that restraint on renin from both low and high 
pressure baroreceptor is decreased. 
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Mothodts and Deoign 

Six healthy young men# ago 20-25 yearn, v:ere studied 
Gupino in a v/arin room (26-27®e). The ntudy wan performed 
with the approval of the Univercity of Iowa Committee on 
BcGcarch Involving Humane and with the informed, written con- 
sent of each subject. Forearm blood flow v/as measured in the 
right arm by venous occlusion plethysmography using a 
mercury- in-silastic strain gauge (1,14,33). Heart rate was 
obtained from an electrocardiogram. Systemic blood pressure 
was measured with a sphygmomanometer. Using local anesthesia, 
a polyethylene cannula (60 cm long; I.D. 0.7 mm) was inserted 

into an antecubital vein and advanced into an intrathoracic 

« 

vein to measure central venous pressure ahd to sample blood 

for determination of plasma renin activity. 

Plasma renin activity was determined by radioimmunoassay 

by modification of the method of Haber et al (15) . Seven ml 

of blood were collected in a chilled EDTA tube. The samples 

were centrifuged in the cold at 4°C for 10 min. Plasma was 

125 

obtained and frozen until assayed. Angiotensin 1 { I) 
Radioimmunoassay Kit (New England Nuclear) was used, with 
modification of plasma prior to incubation to pH 5.5. One 
half of each sample was incubated at 1 hour at 37°C, the 
remainder was incubated at 4°C. A duplicate standard curve 
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v;ac performod for eaeh iiranunoacDay, All Dampleo from a giv'sn 
Gspcrimonfe v;ore run cimultaneoucly, an3 all v?ero run within 
Lwo woGho of tho oxporiniGnt. All exporimontal placmaa v;ere 
alGo run in duplicaUo. 

Renin aetivity wan detonhinGd by subtracting the angiotensin 

I present in the 4®C sample from that obtained in the sample 

incubated at 37°C for one hour* Results are recorded as 
—1 “1 

ng»ml *hr . The mean variance of 29 duplicate pairs for this 
method using split samples from normal, high and low subjects 
done on tv;o different days is 0.21* 

Lov;er body suction (application of subatmospheric pressure) 
v;as produced by enclosing the lower part of the subject’s body 
caudal to the iliac crests in an airtight chamber (33). A 
commercial vacuum cleaner was modified with a rheostat and 
connected to the chamber to produce graded lower body suction. 

The subjects had been exposed to lower body suction. in previous 
experiments and tolerated suction without adverse effects.** 

After experimental preparation, the subjects rested quietly 
for 20 min before we began the protocol. We then obtained. _ 
responses to lower body suction at -10, -20 and -40 nimHg for 
10 min each. Each Intervention was separated by 10-20 min. 

The order of interventions was varied and was not known to 


the individual performing the renin determinations. Plooma 
renin aetivity was measured in eentrol- periods# the 10th min 
of suction# and recovery periods. In tivo subjects# responoGS 
to LBS -20 imnHg were not obtained during the first session 
and were obtained during a separate session. 

In four subjects# we obtained responses to lower body 
suction at -10 minHg for 20 min to determine if more prolonged 
decreased in low pressure baroreceptor restraint might pro- 
duce significant increases in renin. 

In three subjects# responses to LBS -40 mmHg were obtained 

-1 

after intravenous administration of propranolol, 0.15 mg - kg • 
This was performed to demonstrate that the increases in renin 
were mediated through activation of beta ’adrenergic receptors 
and not from decreases in clearance of renin or from decreases 
in pulse pressure acting via the renal vascular stretch receptor. 

Three subjects were restudied after 3 days of a low 
sodium diet. The subjects were fed the low sodium diet in 
the Clinical Research Center as a liquid formula which contained 
10 meq Na+/24 hr and 100 meg K+/24 hr. It might be noted 
here that strict adherence to the diet was not essential for 
the study and was, therefore, not assessed. However, we have 
previously demonstrated excellent compliance with this diet 
in the Clinical Research Center. Most importantly, the 
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feacolino placina renin aefeivity wao S to 8 timeo higher in the 
throe Dubjoeto during the low codiuin intahe than during ad 

DOdiura intahe. In thin CGOoionr wo obtained reaponDCS 

• • 

to lower body cuetion at «10 and -40 imnng Cor 10 min eaeh# 

In the Dtudieo with lower body auction we placed the 
cuetion chamber caudal to the iliac create to minimize appli- 
cation of auction to the hidnoyc# NcverthGleao, to aocuro that 
trancmioaion of cubatmoapheric procaure to kidneys was not a 
factor in the reaultn, we obtained reeponao to leg auction 
in three additional aubjects. The auction chamber was applied 
distal to the upper thighs. The level of. leg auction (-50 
mmUg) waa selected an the level v;hich produced a decrease in 
central venous pressure comparable to that produced by lower 
body suction at -10 to -20 mmHg. 

Statistical comparisons V7ere performed using the t test 
for paired data. 
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DoGrcapo in lew TagcoGuro barorcGoptor rcpfcgainfc . Lov7or 
• bedy cuetien at -10 imnUglfor 10 rain dGercaocd eontral venous 
precDuro and forcam blood flow, but did not alter arterial 
pulDo precourc, arterial raoan preccure, or heart rate (Table !)• 
LBS at tills level did not increase plasma renin activity 
(Table 1 and Figure 1) • 

Lower body suction at -20 nimllg decreased central venous 
pressure and forearm blood flow (Table 1) • LBB at this level 
tended to decrease pulse pressure and increase heart rate 
and renin, but these changes were not significant (Table 1 
and Figure 1) • * ^ 

A longer period (20 rain) of lower body suction at -10 rainng 

also did not increase renin activity; renin averaged 1.7 + 0.2 

—1 -1 

and 2.0j;0.2 ng • ml • hr before and after 20 min of 
lower body suction, respectively. 

Combined decrease in low and high pressure baroreceptor 
restraint . Lower body suction at -40 iranHg decreased central 
venous pressure, arterial pulse pressure and forearm blood 
flow and increased heart rate (Table 1) . This stimulus produced 
a two to three fold increase in renin (Table 1 and Figure 1) . 
Propranolol blocked the increases in renin during LBS -40 mmHg 
(Figure 2) . 
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RGOpensoo duyin^ low podimn intake . During low DOdium 

intaTso/ eontrol voluoo for ronin avoragod approximately eight 

timcD the eontrol valuea during lib codiura intaho (Figure 3) • 

Kenin inercacGd during LBS “40 mmlJg (Figure 3) • Ronin 

averaged 15,6 +1.9 in controlf 41.0 + 12.9 during LBS “40 

•=•1 “1 

and 17.6 + 1.6 ng • ml-r • hr in rocovory during low 

oodium intake. In eontraot*, with LBS “10 mmllg during low 

Dodium intake renin decreaced olightly in two DUb^oetc and 

ineroaced modestly in one cubjoct (Figure 3). Renin averaged 

16.5 +2.5 in control, 16.9 +3.0 during LBS -10 

—1 —3. 

and 15.6 + 1.9 ml » min • lOOral' during recovery. 

Responses to leg suction . In three additional subjects, 
leg suction at -50 irunHg produced decrease's (p < 0.05) in 
central venous pressure and forearm blood flow which approxi- 
mated those during lower body suction at -20 mmHg. Central 
venous pressure averaged 4,2 + 0,2 in control, 0.3 + 0.9 
duiliig leg suction, and 4.0 + 1.0 mmHg during recovery. 

Forearm blood flow averaged 5.9 + 1.2 in control, 4.4 + 0,7 
during leg suction, and 5.5 + 0,6 during recovery. However, 
this stimulus, like LBS -10 and -20 mmHg, did not increase 
renin. Renin averaged 4.3 + 2.3 in control, 4.6 + 2.4 during 
leg suction, and 4.3 + 1.9 during recovery. 
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DioQUOo5.Qn 

* 

In fehio Dfeudy, lovolo ©f voneuo peeling v?Iiieli aoercaoo 
lew but net liigli prcocuro bareroeopter rcctraint on renin 
roloaoo (LOG -»10 and °20 minHg) aia net oignifieantly inercaco 
placnia ronin# Lovclo of venouo peeling whieli preance eeirtbinca 
aoercaGo in high anfl lew procouro baroroeoptor rcctraint 
v;orc reguired to ineroaGc p3acma renin* 

PoeroaGO in lew proDouro baroroeoptor roptrajjtt . V7o 
eoncludc that dGercaGO of lox^ prcoouro baroroeoptor reotraint 
docG not Gignificantly inercanc renin in the prcGcneo of 

normal tonic reotraint or buffering from arterial barorceoptoro. 

• • . 

Hov;evcr/ wc should consider alternative explanationo for the 
failure of LBS -10 and -20 nunllg to incredoo renin. 

Firotr did these levels of lower body suction produce 
sufficient venous pooling to decrease low pressure baroreceptor 
inhibitory activity. In this and previous studies (19,33), 

LBS -10 and -20 nunllg decreased central venous pressure and 
triggered reflex forearm vasoconstriction in the absence of 
decreases in arterial pulse pressure or mean pressure. ThQ 
likely source for these forearm vasomotor changes during 
LBS -10 and -20 mmHg is a decrease in low pressure baroreceptor 
restraint. However, we cannot from this or earlier studies 
(18,24,31) exclude a contribution of other reflexes originating 
in somatic or visceral receptors. 


10 


SGGQnd, v;ao felio ronin oyofeera rooponoivo fe@ roflc« otiniull? 
Dccrcaooo in barorqeopfcoE jg’ooti’Qinfe Oui^ing LED °40 nimng 
» pry^UGcd oignifieant. iiiercaoco in ronin during both ad lib 
and lew oodium diofeo. 5?h«D# docpifeo EeDpenDivonccD of tlio 
renin Dyotom, DGlcefeive deeroaoo in low proccuro baroroeopfeor 
rcotrainfe with LBS -10 and -20 nunllg did not cignifieantly 
inercaoc renin. 

L 0 v;or body cuotion at -20 nunllg pools approKimately 
40O-GOO ml of blood (22). Sevoral inveotigators have reported 
that removal of *400-600 ml of blood (approKimatoly 10% of 
blood volume) does not ineroaso renin (5, 6, 13, IS). Failure 
of renin to increase with those levels of hemorrhage might bo 
attributed to failure to inhibit low prosburo baroreceptor 
restraint. However, the marked reduction in atrial or central 
venous proosures v;ould suggest that there is inhibition of 
low pressure barer eceptors with these levels of hemorrhage (15) . 
Furthermore, the finding in the present study that LBS -10 and 
-20 iranHg produces significant forearm vasoconstriction also 
suggests that these levels of venous pooling or hemorrhage . 
are sufficient to decrease low pressure baroreceptor restraint. 

Combined decrease in low and high pressure barorcceptor 
restraint . LBS -40 mmHg, which decreasoD arterial pulse pressure 
and reduces high as well as low pressure restraint, produced 
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ineroQDGD in renin. Time# v;lioroao a coioefeivc ^oeroQoo 
iq lew prcDCuro roeferoinfe did not ineroaoo renin, eembined 
doercaco in lew and high prcoouro barorceopter roofcrainfe pre« 
duecd cignifiaant incrcanoe in renin. 

Propranolol bloelicd the inBroaoeo in renin during LBG 
°40 irirallg. Thio indioafeec that tbo inercacoo reoulfced from 
Dtiimulatiien of beta adrenorgie reeoptorc. V7o oannot from 
tbio Dtudy Dtato tbat tlio inercaced renin reoultcd from neural 
ao oppoced to humoral otimulation of the renal beta reeoptor. 
newGVor, Sonehofeti (31) bao domonoferated that the inercaoo 
in renin during orthoctatie otroao in eato io mediated 
almoot entirely by neural moehavxiom. 

We chould conoider the poncibility that infludneec 
other than baroreeeptor reflexes triggered the increaoeo 
in renin during LBS -40 mmHg, For example, decreaoeo in 

eardiae output w jiing LBS -40 mmHg might inereaoe renin 

% 

independent of baroreeeptor reflexes by doereasing pulse 
pressure and stretch on the renovascular stretch receptor 
(9) or by decreasing splanchnic blood flow and hepatic 
clearance of renin (26) . However, these mechanisms are un- 
likely since the increase in renin v/ith LBS -40 raiiiHg was 
blocked by propranolol. 
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V7g eannefc from tlicoo ctufli-oo ojteluiflG a contJuibution of 
other rofloxoD originating in comatio and vioeoral reoeptoro, 
nsfcver, it coemo unlikely that reflcxeo originating in 

« 

eutaneoucjr mucelo or vonouo roeoptoro in the l©v;or oxtremitieo 
oontributed bacauco log auetion at “50 nunHg did not incroaoe 
renin, 

Ineroacoc in renin by LBS -40 mmng, v;hieh doorcaDod high 
and low prebcure baroreeeptor rcctraintf might be explained 
in three v;ayc. One explanation might be that high preccure 
baroroeeptors , play the predominant role in the baroreeeptor 
reflex control of renin in humans. However, Zanchetti 
(personal communication) has stated that selective inhibition 
of high pressure (carotid) baroreceptors produced by positive 
neck pressure does not increase renin in humans. Thus, it 
would appear that selective decrease of either low or high 
pressure ’baroreceptors restraint does not significantly 
increase renin in humans. 

A second explanation might be that low and high pressure 
baroreceptors both exert a physiological tonic restraint 
on renin activity in humans. This could explain Zanchetti *s 
obsex-vation that selective decrease of carotid baroreeeptor 
inhibition does not increase renin since the presence of 
physiological restraint from low pressure baroreceptors would 
prevent "increases in renin activity under these conditions. 


This intorprofcation v?3uld alco explain our finding that 
CGlcefcive deereaoo in low prccoure barorcecptor inhibition 
doGc not oignifieantly inercasG renin in the prcDence of 
phyciologieal rectraint from high precGure barorceoptors. Wgj 
nuggoGt tliat reflex inereaccG in placma renin in humane rccult 
from a coiribined and not celcctive decreacc in low and high 
prcDGure rectraint. In other words, placma renin incrcaGcs 
when there ic a coneerted deeroace in tonic rectraint from 

low and high precGure baroreceptoro during lower body auction 

« 

“40 imnHg, but not when there is a selective decrease in 
restraint from low presemre baroreceptors during bBS -10 or 
-20 mmUg. 

There is a third, possible explanation for the finding 
that renin increases with LBS -40 mmHg/ but not with LBS -10 
and -20 irauHg, Decreases in central venous pressure are 
greater with LBS -40 miuHg (ACVP -5.8 mitiHg) than with LBS -20 
mmHg (ACVP -4.9 mmHg). Thus there is greater withdrawal 
of low pressure restraint during LBS -40 mmHg than there is 
during LBS -10 and -20 mmHg. If the threshold for decreases 
in central venous pressure required to trigger low pressure 
baroreceptor effects on renin are reached with lower body 
suction -40, but not with lower suction -10 and -20 mmHg then 
one might explain the increases in renin with LBS -40 mmHg on 
the basis of low pressure baroreceptors without implicating 
a role for high pressure baroreceptors. LaGrange et al (20) , 
reported that neurogenically-nediated renin release is 


Dcparato from nGurogcmicallyinGdiatetl vaooconGtrietion. In 
thoir cxporirocntD low levolc of diroet clootrioal ctimulation 
of ronal cympathotie nervcc inercaDed rcnxn rGleaco with 
only minimal ehangec in vaceular rcoiotancc. In our oxperi- 
montCf tho Gtimuluo of loiter body auction -lO or -20 nunUg v;ao 
euffieient to trigger low prcocure offeeto on vascular 
rcGiotancG. Thuc, baced on tho obsorvationc of LaGrango ot al 
(20 ) i one might have expected reflex increases in renin if 
low pressure baroreceptors exerted the dominant restraint 
on renin release. 

In summary, decreases in low pressure baroreceptor 
restraint in humans did not significantly increase plasma 
renin activity in the presence of physiological tonic 
restraint from high pressure baroreceptors. Increases in 
plasma renin activity did not occur until there was combined 
decrease in low and high pressure baroreceptor inhibition. 
These results in humans support recent observations in 
animals (17) that high as well as low pressure baroreceptors 
participate in reflex regulation of renin activity. 
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Figure 3 




